A specific high temperature-induced deficiency of chloroplast ribosome formation, as indicated by the absence of chloroplast rRNA, has been observed in the leaves of light-or dark-grown seedlings of Avena sativa L., Hordeum vulgare L., and Triticum aestivum L. at certain temperatures between 28 and 34 C. While the growth of the leaves (size, morphology, total amino nitrogen content) was little affected by the elevated temperature, chlorophyll accumulation was strongly inhibited, amounting to only 2 to 20% of its content in 22 C-grown leaves which were used as a reference for normal development. The carotenoid contents were also lower but still reached at least 15 to 20% of the
As previously reported, the formation of 70S chloroplast ribosomes was selectively prevented in developing rye leaves when the seedlings were continuously grown at an elevated temperature between 32 and 34 C (4, 5, 15) . In light, Chl accumulation was also prevented at the high temperature, similar to the long known heat-bleaching of Euglena (13) . Leaf growth, leaf expansion, and other cell functions were, however, not, or only little affected. Therefore, the high temperature sensitivity of chloroplast ribosome formation in rye leaves offered a convenient and rather specific system for studying the role of cytoplasmic protein synthesis in the biosynthesis of the chloroplast (5) . In the present investigation, we have examined the behavior of several other higher plant species during growth at elevated temperatures, since for studies on chloroplast biogenesis, it would be useful if such a specific means for the elimination of the chloroplast ribosomes were available also in other species. Heatbleaching and a high temperature-induced deficiency of chloroplast ribosome formation were observed in all cereal seedlings tested, except for maize, and also occurred in pea leaves. The specificity of this high temperature effect is further characterized. During the first 24 hr after soaking, all seedlings were kept at 22 C in darkness, and then transferred to the indicated temperature in light or in darkness. Continuous irradiation with white light was provided by fluorescent tubes (Astra Tageslicht 40 w P SG and Warmton de Luxe 40 w D 4T in alternating sequence), giving an incident intensity of 5000 + 500 lux. The first leaves of the cereal seedlings or the third (first foliaceous) leaves of pea seedlings were harvested when they had reached their final size at all temperatures which were used: wheat and barley after 7 days, maize after 8 days (only at 16 C after 19 days), oats after 9 days, and peas after 14 days (only at 33 and 34 C after 9 days) of germination.
Extraction and Separation of Nucleic Acids. Nucleic acids were extracted by a modification of the method of Parish and Kirby (12) and separated by electrophoresis on 2.5% polyacrylamide gels according to Loening (7), as described by Schafers and Feierabend (16) .
Preparation of Cell-free Extracts. For each extraction, leaves of 20 seedlings were washed and ground with a pestle in an icecold mortar with 50 mm tris-HCI buffer (pH 7.5) containing 4 mM dithioerythritol. The extracts were adjusted to a final volume of 10 ml, filtered through a sintered glass funnel (Schott & Gen. No. 3D1), and centrifuged for 5 min at 120g. The supernatants were used for the estimation of total protein and of enzyme activities.
Analytical Methods. Dry weight was determined by drying samples of leaf homogenates prepared with H20 at 100 C in small aluminum beakers, pretreated with H20 at 100 C. Total amino nitrogen was determined by the micro-Kjeldahl procedure from samples of leaf homogenates in H20. Total protein was determined, as previously described (3) , from cell-free buffer extracts after precipitation with trichloroacetic acid. Chlorophyll was determined according to Arnon (1) . Total carotenoids were estimated from 80% acetone extracts according to Metzner et al. (9) .
Enzymes were assayed spectrophotometrically at 25 C. 
RESULTS

Growth and Greening at Elevated
Temperatures. Seedlings of different species of cereal plants and of peas were grown at 22 C where normal development occurred, and at different higher temperatures between 28 and 38 C. As general growth parameters, the dry weight and the total amino nitrogen contents of fully developed leaves were measured. The dry weight of the leaves showed a variable and changing pattern in relation to the growth temperature ( Fig. 1 ). It declined with higher temperatures in oats and peas but reached a maximum around 30 C in wheat and barley, or between 30 and 34 C in maize. This may reflect different patterns of photosynthetic productivity. By contrast, the total amino nitrogen contents of the leaves were, except for peas, fairly constant over a wide range of growth temperatures up to 32 or 34 C (Fig. 1) . The decline of the total amino nitrogen contents at still higher temperatures was parallel to a general inhibition of leaf growth. At or above 36 C, the shoots of the seedlings remained extremely small, and the high temperature was finally lethal to them.
The Chl content of the leaves decreased at temperatures higher than 28 C, except for maize, a tropical plant, where a maximal Chl accumulation was observed between 30 and 34 C. In the other temperate zone plants, the decline in the Chl accumulation was often very drastic and steep, e.g. between 28 and 30 C in oats, and between 32 and 33 C in wheat, and always preceded the decline of the amino nitrogen content considerably (Fig. 1) . Thus, at certain temperatures, e.g. at 32 C for oats, at 34 C for wheat, and at 33 C for barley, the amino nitrogen content was virtually normal (Fig. 1 ) and the leaves reached about 80% of their length at 22 C (Fig. 2) but their Chl contents were extremely low, for oats only 2.5%, for wheat 4.5%, for barley 19% of the measurements at 22 C. Growth and expansion of such leaves appeared to be not, or only little, affected by the high temperature but they showed a striking chlorosis (oats, e.g. Fig. 3 ). The leaves of oats and wheat had only a very fine green margin at their upper tip, while in barley, similar to the behavior of rye (15) , the whole upper quarter of the first leaf was still light green, and only the more basal parts were completely chlorotic. At 33 C, the pea leaves also became complete'ly chlorotic (Fig.  4) . However, they suffered from a strong general inhibition of their growth under these conditions. Their amino nitrogen content at 33 C was only 28% of that at 22 C, and their size was much smaller. In addition, when grown for more than 10 days at 33 C, most of the pea seedlings died.
The decrease of the Chl contents in barley, oats, wheat, and peas at higher temperatures was accompanied by a similar decrease of the carotenoid contents. However, the carotenoids did not decrease as much as the Chl. The chlorotic leaves which contained only a few per cent of their normal Chl levels still possessed at least 15 to 20% of the carotenoid contents seen at 22 C (Fig. 1) .
In maize, the decline of the Chl content also preceded that of the total amino nitrogen content above 34 C and thus showed a similar tendency seen in the other plants. However, well developed chlorotic leaves were not found in maize (Fig. 1) . Although at 38 C many leaves were only pale yellowish, they remained very small and were no longer viable. In maize, an inhibition of Chl accumulation upon transfer to light has been described at lower temperatures (8 (0), total amino nitrogen (-), and dry weight (0) in the first leaves of seedlings of oats (9-day-old), wheat (7-day-old), barley (7-day-old), maize (8-day-old, at 16 C, 19-day-old), and in the third leaves of pea seedlings (14-day-old, at 33 and 34 C, 9-day-old) grown at different temperatures in light. Arrows indicate temperatures at which optimal development of chlorotic leaves was observed. 865 which had been grown at such elevated temperatures which most effectively induced a chlorosis of the leaves in light but still allowed sufficient (peas) or even fairly normal leaf growth (oats, wheat, barley). After separation by polyacrylamide gel electrophoresis, the pattern of nucleic acids was compared to that from control plants grown at 22 C (Figs. 5 and 6 ). While the chloroplastic 23S and 16S rRNAs were clearly present in the nucleic acids from all 22 C-grown leaves, they were absent, or only hardly detectable, in all separations from chlorotic leaves grown at the elevated temperatures in light. As shown for oats (Fig. 6) , etiolated leaves were also deficient of plastid rRNA when grown at 32 C.
Enzyme Activities. In the absence of functional chloroplast nbosomes, as indicated by the absence of their rRNA, protein synthesis can no longer be expected to occur in the chloroplasts. Consequently, the total protein contents of the high temperature-grown leaves were severely diminished by up to 50%, as compared to 22 C (Fig. 2) . In order to characterize further the specificity of the high temperature effect on chloroplast protein synthesis, different marker enzymes were assayed in the leaves of oats, wheat, and barley which did not suffer from a general growth inhibition (Fig. 7) .
In extracts of leaves from all three plants, ribulose bisphos- (4, 5, 16) .
A high temperature-induced failure of Chi accumulation has been briefly mentioned for Marquis wheat (6) . More is known about a cold sensitivity of chloroplast differentiation which occurs in several tropical plants. For (10) . When grown in darkness, 70S ribosomes were present, which indicates that they may have been lost in light because of a photodestruction, similar to that observed after herbicide treatment or in carotenedeficient mutants (2, 17) . By contrast, the deficiency of chloroplast ribosomes observed by us at higher growth temperatures was independent of the light conditions and occurred also in completely dark-grown seedlings (Fig. 6 and ref. 5 ). Under normal temperature conditions at 22 C, etiolated leaves of cereal seedlings are known to contain appreciable amounts of chloroplast ribosomes as well as of 70S ribosome-dependent enzymes, such as ribulosebisphosphate carboxylase (4, 5) .
A comparison of the activities of the different marker enzymes further emphasizes the high specificity of the high temperature effect on chloroplast protein synthesis in oats, wheat, and barley (Fig. 7 ). An enzyme which is, at least for one of its subunits, dependent on chloroplast protein synthesis, ribulosebisphosphate carboxylase, was absent at the high temperature while a chloroplast enzyme of cytoplasmic origin, the NADP-glyceraldehydephosphate dehydrogenase, and other enzymes reached high activities, confirming previous findings with rye (5) . Therefore, a high temperature-induced deficiency of chloroplast ribosomes may also in other higher plant species, especially in oats and wheat, serve as a specific tool for studies on chloroplast biogenesis.
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